Introduction
The hallmark of McArdle's disease is the development of painful musclecrampsafter ischemic exercise and failure to elevate blood lactic acid during forearm ischemic exercise test (FIET) (1).
Interestingly, tolerance for exercise is improved by administration of glucose (2) or glucagon (3) . We studied the FIET in one patient with McArdle's disease complicated by non-insulin-dependent diabetes mellitus (NIDDM), who did not develop painful contracture during exercise (e.g., swimming).
The beneficial effects of hyperglycemia and hyperinsulinemia on exercise intolerance in McArdle's disease are discussed.
Case Report
A 64-year-old obese housewife has suffered from hypertension andNIDDMsince 1980 when she was 55 years old andhas since taken tolbutamide (500 mg/day). She was first admitted to our hospital in September 1982 complaining of dysarthria, headache, and vomiting with the diagnosis of brain infarction. After discharge from the hospital, she received follow-up at our out-patient clinic and was prescribed glibenclamide (2.5 mg/ day), nifedipine (40 mg/day), and captopril (50 mg/day). In October 1986, creatine kinase (CK) elevated to 654 IU// (normal range: below 115 IU//) was discovered for the first time. Although her CKlevel was as high as 2,679 IU//, she was well and did not feel weakness, myalgia nor have muscle cramps during exercise (e.g., swimming). In May 1989, she was readmitted to our hospital for evaluation of her elevated serum CK level.
On admission, she was 143 cm tall and weighed 61.5 kg (BMI = 30.1). Her blood pressure was 138/98 mmHg(supine position) and the pulse rate was 72/min. Her physical examination revealed no abnormalities. Laboratory data on admission (Table 1) Muscle biopsy from the biceps branchii showed almost nonexistent phosphorylase activity both histochemically and biochemically (Table 2) around the upper arm was then inflated to meanarterial pressure, and forearm exercise of squeezing a hand manometerwas performed 120 times during 2 minutes. Immediately after the exercise, the second cuff was rapidly inflated to 200 mmHg. Twominutes after the end of the exercise, blood was drawn from the antecubital vein of the exercising arm, and the second cuff was released, and blood was obtained every 2 minutes within a ten-minute period.
The results of modified-FIET are shown in Fig. 2 . When fasting, the level of lactic acid did not elevate after exercise and plasma glucose was approximately 100 mg/dl. On the other hand, after a meal, the serum lactic acid level rose with the elevation of plasma glucose and IRL
Discussion
In 1951, McArdle first described a man who developed painful muscle cramps with exercise, and he utilized the FIET to find that the patient developed contracture in the exercised muscles and that the serum lactic acid failed to elevate (4). The hypothesis by Schmid and Mahler (5) and Mommaerts et al (6) in 1959 was that the phenomenonwas due to a disorder of muscle phosphorylase. Interestingly, a patient with McArdle' s disease is able to continue the exercise after an initial transient period of progressive fatigue and weakness of the exercised muscle, which is knownas second wind phenomenon, where blood-borne glucose and free fatty acid are the major fuels (7). In fact, a higher tolerance to exercise can be attained with glucagon (8, 9) and a fat-rich diet (10) which induces hyperglycemia and an increase of plasma insulin concentration, which in turn accelerates the uptake of blood-borne glucose by the working muscle to enable further exercise. Another similar muscle glycogen storage disease caused by the lack of phosphofructokinase (PFK), called Tarui ' s disease, is different from McArdle's disease in that the second wind phenomenonand glucagon-induced improvement of exercise tolerance is usually absent. This is theoretically interesting that blood-borne glucose is phosphorylated to glucose-6 phosphate (G6P) downstream from the phosphorylase-acting site and upstream of PFKsite in the process of glycogen degradation (ll).
The present patient had atypical McArdle's disease; that is, she did not have painful contracture during exercise, which is characteristic of this disease. The absence of typical symptoms in our case are considered to be due to the presence of hyperglycemia and increased plasma insulin concentration. These two factors are responsible for the improvementof exercise tolerance by increased blood-borne glucose uptake under the FIET. Mineo et al reported (12) that high plasma glucose and insulin after glucose infusion may induce glucose uptake and its subsequent utilization through glycolysis in the patient's muscle. This theory supports our hypothesis, however, the present case is obese type NIDDM, which usually is insulin resistant. The result from 75g-OGTT (Fig. 1) shows insulin resistance (hyperglycemia and hyperinsulinemia). However, plasma glucose decreased from 250 mg/dl to 202 mg/dl, IRI decreased from 75 juU/ml to 49 jnU/ml, and lactic acid increased from 8.8 mg/dl to 17.7 mg/dl in post-prandial modified FIET, which suggests that blood-borne glucose was utilized even in the insulin resistant state. There are only a few reports regarding atypical McArdle's disease (13, 14) . Thereason for atypical symptoms in McArdle' s disease is thought to be due to the wide range of symptoms associated with the degree of the disease from mild to severe. 
